Pituitary\p=n-\gonadalfunction was examined in male lions free-ranging in the Serengeti Plains or geographically isolated in the Ngorongoro Crater of Tanzania. Lions were classified by age as adult (6\ m=. \ 1\ p=n-\ 9\ m=. \ 8 years), young adult ( 3\ m=. \ 3\ p=n-\ 4\ m=. \ 5years) or prepubertal ( 1\ m=. \ 4\ p=n-\ 1\ m=. \ 6years, Serengeti Plains only). Each animal was anaesthetized and then bled at 5-min intervals for 100 min before and 140 min after i.v. administration of saline or GnRH (1 \g=m\g/kgbody weight). Basal serum LH and FSH concentrations were similar (P > 0\m=.\05)among age classes and between locations. In Serengeti Plains lions, net LH peak concentrations after GnRH were \m=~\25% greater (P < 0\m=.\05) in prepubertal than in either adult or young adult animals. GnRH-stimulated LH release was similar (P > 0\m=.\05) between adult and young adult lions, and these responses were similar (P > 0\m=.\05) to those measured in Ngorongoro Crater lions. Basal and GnRH-stimulated testosterone secretion was higher (P < 0\m=.\05) in adult than in young adult lions and lowest (P < 0\m=.\05) in prepubertal lions. Age-class differences in testosterone production were related directly to the concentrations of LH receptors in the testis (P < 0\m=.\05). Basal and GnRH-stimulated testosterone secretion and gonadotrophin receptor concentrations within age classes were similar (P > 0\m=.\05) between lions of the Serengeti Plains and Ngorongoro Crater. Lower motility and higher percentages of structurally abnormal spermatozoa were observed in electroejaculates of young adult compared to adult Serengeti Plains males (P < 0\m=.\05) and were associated with decreased steroidogenic activity. In contrast, there were no age-related differences in ejaculate characteristics of Ngorongoro Crater lions. Seminal quality in the Crater population was poor in adult and young adult animals and was unrelated to alterations in pituitary or testicular function. In summary, only seminal quality in adult male lions was affected by location, whereas age significantly affected both basal and GnRH-stimulated testosterone secretion and seminal quality (Serengeti Plains only) in sexually mature males. The striking seminal/ endocrine differences among pride (breeding) males of different ages raises questions about the impact of age on individual reproductive performance in this species.
Introduction
Members of the Family Felidae are generally solitary in nature. The exception is the lion (Panthera leo) which has a highly structured social system (Schaller, 1972; Packer et al., 1988) . Lion prides consist of permanent groups of 1-18 genetically-related adult females, dependant offspring and a coalition of 1-9 adult males. Females remain within their natal pride while young males are usually expelled as a group before reaching sexual maturity (~3 years of age) and all males leave eventu¬ ally. These nomadic males form coalitions and attempt to gain and then retain possession of a pride until they move on or are ousted by another coalition of males (Schaller, 1972; Bertram, 1975;  Pusey Packer et al., 1988) The primary determinant of a male's reproductive success is apparently the size of his coalition. Specifically, male lions in larger coalitions (3 or more males) gain tenure of female prides more easily, retain tenure longer, mate with more females and produce more surviving offspring than do singleton and paired males (Bygott et al., 1979) . Male reproductive success does not appear to be related to social status, as lions do not form the dominance hierarchies typically observed in other social species (Schaller, 1972; Bertram, 1975; Packer et al., 1988) . The influence of other factors including age and environment on reproductive performance in the lion has not been examined.
Demographic and behavioural data have been collected on the lions of the Serengeti ecosystem in Tanzania for more than 20 years (Schaller, 1972; Bertram, 1975; Bygott et al., 1979; Packer et al., 1988) , but very little is known about the reproductive physiology of this species. Wildt et al. ( 1987) compared ejaculate quality in outbred lions free-ranging in the Serengeti Plains with two groups of animals known to have experienced population bottlenecks and reductions in genetic variability . These inbred groups consisted of an African population physically isolated within the Ngorongoro Crater (also in the Serengeti ecosystem) and a remnant population of Asiatic lions in western India. In that study, there was a direct relationship between the loss of genetic variability and the number of structurally abnormal spermatozoa measured in electroejaculates. Additionally, although only a few blood samples were collected before, during and after electroejaculation, there was evidence that circulating testosterone was lower in the Ngorongoro Crater and Asian lion populations compared to the males of the Serengeti Plains. This led to the speculation that perhaps the poor ejaculate quality and reduced steroidogenic activity in the inbred lions was due to a dysfunction at the pituitary or testicular level. The present study was therefore designed to extend these earlier observations by comparing ejaculate quality and the pituitarytesticular response to GnRH in genetically variable (Sergengeti Plains) and relatively less variable (Ngorongoro Crater) male lions. Because the age of each animal was known, this study afforded the unique opportunity to examine the possible impact of age on reproductive characteristics of a free-living species. Of particular interest was the examination of reproductive differences between mature and young adult lions, two age-classes of males which compete intensely for access to pride females.
Materials and Methods
Animals and treatment. Observational data have been collected for 2 prides in the Serengeti Plains since 1966 (Schaller, 1972; Bertram, 1975) and for an additional 21 prides in the Serengeti Plains and Ngorongoro Crater since 1974 (Bygott et al., 1979; Packer et al-, 1988) . All males evaluated in this study were associated with these prides, were of known age and could be identified individually by facial and ear scars, whisker patterns and natural markings or colourations (Pennycuick & Rudnai, 1970) . Sixteen adult and 6 prepubertal males from the Serengeti Plains and 12 adult males from the Ngorongoro Crater were examined in October and November. Male lions reach sexual maturity at 2-5-3 years of age (Schaller, 1972; Bertram, 1975; Packer et al., 1988) and reproduction apparently is not influenced by season (Schaller, 1972; Bertram, 1975) . Animals were grouped into 3 age classes: ( 1 ) adult lions ranging from 6-1 to 9-8 years of age (mean, 7-6 + 0-3 years; = 10 in the Serengeti Plains, 6 in the Ngorongoro Crater); (2) young adults ranging from 3-3 to 4-5 years of age (3-9 + 0-2 years; = 6, 6); and (3) prepubertal males ranging from 1-4 to 1-6 years of age (1-5 + 01 years; = 6, Serengeti Plains only). Because of permit restrictions, prepubertal males were not available in the Crater. There was no location difference (P > 0-05) in mean age between adult and young adult lion populations. All adult lions in the Serengeti Plains and Ngorongoro Crater were resident males of established prides. Of the young adult males, 5 of 6 and 4 of 6 were pride males in the Serengeti Plains and Ngorongoro Crater, respectively. The remaining young adult males were considered nomads. All animals were located by a land vehicle and anaesthetized with Telazol (tiletamine-HCl + zolazepam-HCl; Warner Lambert, Ann Arbor, MI, USA; 500-600 mg) delivered via a projectile dart . Because animals were conditioned to being approached by the darting vehicle, most males appeared minimally disturbed before or during the darting procedure. In general, 3-6 males were darted consecutively, usually within a 5-10 min interval, which allowed the coalition of pride males to be physically kept together and facilitated serial blood sampling. Catheters (16-gauge, 5-cm, with obturator; Beckton-Dickinson, Rutherford, NJ, USA) were placed in a jugular, saphenous or lateral coccygeal vein, and blood samples (5-10 ml) were collected at 5-min intervals for 4h. Time between darting and sampling onset averaged 34 + 5 min. A light surgical plane of anaesthesia was maintained with supplementary Telazol injections (100-250 mg i.m. or i.v.). Animals were assigned at random within age class and treated (i.v.) with saline (0154 M-NaCl, pH 6-9; 4 ml) or GnRH ( 1 µg/kg body weight; Gonadorelin, Abbott Labs, Chicago, IL, USA) administered via the cannula after 100 min of sampling. In the Serengeti Plains, GnRH was administered to 7 of 10, 4 of 6 and 3 of 6 adult, young adult and prepubertal animals, respectively. In the Ngorongoro Crater, 4 of 6 adult and 4 of 6 young adult animals received GnRH. The remaining animals were treated with saline. The weight of each animal was estimated using a regression equation for the calculation of body weight from chest girth [ = 1-84.V-18911; where y = body weight (kg) and = chest girth (cm)] (U. S. Seal, personal communication). Adult and young adult lions in the Serengeti Plains weighed 168+4 and 182 + 4 kg, respectively. Adult and young adults in the Ngorongoro Crater weighed 200 + 7 and 212 + 7 kg, respectively. The comparatively larger size of the latter population probably reflects the availability of more plentiful prey in the Crater (Packer et ai, 1988) . Body weight of the prepubertal males averaged 88-2 + 8-6 kg.
Semen collection and evaluation. Semen collection began immediately after the last blood sample using a stan¬ dardized electroejaculation regimen (Wildt et al., 1983 (Wildt et al., , 1984 with an electrostimulator (P-T Electronics, Boring, OR, USA) and 4-6-cm diameter rectal probe. The regimented sequence consisted of 80 incremental stimuli given in 3 series. Series I and II consisted of 30 stimuli each, divided into 3 sets of 10 stimuli at 4, 5 and 6 V (Series I) and 5, 6 and 7 V (Series II). In Series III, 20 stimuli, 10 each at 6 and 7 V, were administered. Semen from each series was pooled and evaluated for sperm concentration, percentage motility and progressive status (speed of forward progression based on a scale of 0 = no movement, to 5 = rapid forward movement) using techniques detailed previously (Wildt et ai, 1983; Brown et ai, 1989) . Gross morphological assessments were made by fixing a 100 µ sample in 1 ml glutaraldehyde (1 % v/v in saline) and later evaluating 300 spermatozoa/ejaculate using phase contrast microscopy ( 1000 under oil). Testis volume was estimated by measuring the length and width of each testis using Vernier calipers and then calculat¬ ing the volume of a prolate sphere (V = 4/3 nab2, where a is one-half the length and b is one-half of the width of the testis) (Harrison et al., 1977) . The two values for each male were added together to provide a volume for the combined testes.
Following electroejaculation a testicular parenchyma sample was collected from 6 adult, 4 young adult and 3 prepubertal Serengeti Plains lions, and from 3 adult and 4 young adult Ngorongoro Crater lions using an incisional biopsy technique (Burke, 1986) . Briefly, after the scrotal area was shaved and surgically prepared, a sterile scalpel blade was used to make an incision through the scrotum and tunica vaginalis. Pressure was applied gently to the sides of the testis, and a 1-cm incision was made through the tunica albugínea causing testicular parenchyma to bulge through the incised area. About 250 mg parenchyma were removed, snap-frozen and stored in liquid nitrogen for subsequent analysis of LH and FSH receptors. Absorbable suture was used to close the tunica albugínea, tunica vaginalis and scrotal skin layers and the lions were given a prophylactic injection of a long-acting antibiotic.
Radioimmunoassays. Serum LH and FSH concentrations were quantified using specific radioimmunoassays previously validated for felid serum using canine LH (LER-1685-1) and ovine FSH (NIH-FSH-S8) as the reference standards. Assays were validated for lion serum by demonstrating recovery of mass and parallelism between serum pool dilutions and hormone standards. For the LH assay, 011, 0-22, 0-44, 105, 1-42 and 3-28 ng were recovered after addition of 01, 0-2, 0-4, 0-8, 1-6 and 3-2 ng canine LH and subtraction of endogenously measured hormone (>· = 0-99 + 004; r = 0-993). For the FSH assay, 2-33, 5-25, 10-50, 20-22, 3900 and 8019ng were recovered after addition of 2-5, 5, 10, 20, 40 and 80 ng ovine FSH and subtraction of endogenous ligand (y = 0-99 . + 008; r = 0-999). Assay sensitivities (defined as 90% of maximum binding) were 0-8 and 12 ng/ml for 100 µ serum; inter-and intra-assay coefficients of variation were 11-6 and 4-9%, and 7-6 and 4-5% for LH and FSH, respectively.
Serum testosterone was measured in unextracted serum using a 125I radioimmunoassay kit (ICN, Carson, CA, USA) as described previously ). Upon addition of 005, 0125, 0-25, 0-5, 1-25 and 2-5ng testos¬ terone, and after subtraction of endogenous hormone, 008, 015, 0-25, 0-49, 1-45 and 2-6 ng were recovered ( y = 1-05 x+ 0018; r = 0-999). Assay sensitivity was 005 ng/ml for 50 µ serum, and inter-and intra-assay coefficients of variation were 120 and 6-4%, respectively.
Radioreceptor assays. Human chorionic gonadotrophin (9800 i.u./mg; Radio Systems Laboratories, Carson, CA, USA; hCG) and ovine FSH (LER-1976-A2) were used as labelled ligands, and hCG (3225 i.u./mg; Sigma, St Louis, MO, USA) and ovine FSH (NIADDK-oFSH-16) were used as unlabelled ligands in the LH and FSH assays, respectively. LH and FSH receptors were measured in crude testicular homogenates by a standard curve technique described previously for rat testis ) using a pool of partly purified domestic cat testis membranes as the reference preparation. Biopsy samples were homogenized in 25 mM-Tris-HCl, 3-8 mM-NaN3, 10 mM-MgCl2, 0-1 % BSA and 10% glycerol (pH 7-4 at 20°C) to a concentration of 200 mg/ml. Each standard curve was constructed by incubating 200 000 c.p.m. labelled hormone (with or without excess unlabelled hormone for determination of non-specific binding) with 1-4-120 mg domestic cat testis membranes (fresh tissue equivalent)/tube. Triplicate 50-100 µ samples of lion testis homogenate were analysed and compared to the standard curve. Assays were incubated for 16 h at 20°C and the reaction stopped by adding 3 ml of cold rinse (lOmM-Tris-HCl, 0154 m-NaCl, pH 7-4 at 4°C) and centrifuging at 3500 g for 30 min. Specific activities of the labelled hormones were~30 and 5 µCi|µg for hCG and oFSH, respectively, as determined by self-displacement analysis. For LH and FSH receptors, all tissues were analysed in one assay with intra-assay coefficients of variation of 8-9 and 7-6%, respectively.
Pools of lion and domestic cat testis tissue were used to demonstrate hormone specificity and determine optimal assay pH, incubation time and ion concentration using one-point saturation analysis. Scatchard analysis of saturation curves also was used to estimate binding affinities in tissue pools. Rat testes were analysed at the same times for comparative purposes.
Hormone iodinations. All hormones were iodinated using low concentrations of chloramine-T for increased retention of biological activity. Ovine LH and oFSH (5 µg) were iodinated with 1 mCi Na125I for 1 min using 2-5 µ chloramine-T, and purified hCG (5 µg) was iodinated for 4 min with 1 µg chloramine-T. Sodium metabisulphite (10µg) was added to stop the iodination reaction. Labelled hormone was separated from free 125I using anion exchange resin (AG 2-X8, 100-200 mesh, chloride form; BioRad Laboratories, Richmond, CA, USA). Columns (1x5 cm) containing 3 ml of resin equilibrated in 005 M-sodium phosphate buffer (NaP04; pH 7-6) were prepared by successive elution with 2-ml samples of 0-5 M-, 5% BSA in 005 M-and 005 M-NaP04. The reaction mixture was layered onto the column and labelled hormone eluted with 2 ml 005 M-NaP04 into a tube containing 1 ml phosphatebuffered saline with 01% gelatin. Data analysis. Gonadotrophin responses to GnRH and testosterone responses to LH were evaluated as net peak height (greatest post-treatment concentration minus pretreatment level) and net area under the response curves as previously described . To stabilize the variance, all endocrine data were subjected to log transformation before analysis. The data were analysed utilizing Harvey's Mixed Model Least Squares and Maximum Likelihood computer program (Harvey, 1988) , using a subclass model with location and age as the effects. Mean differences were determined using linear contrasts. Data are presented as arithmetic means + s.e.m.
Basal and pulsatile serum hormone patterns were evaluated as described by .
Results

Semen characteristics and testis size
In Serengeti lions, ejaculate volume, sperm concentration and sperm progressive status did not vary (P > 005) between adult and young adult lions; however, adult males consistently produced ejaculates with a higher ( < 005) sperm motility rating and more morphologically normal spermatozoa (P < 005) than did young adult males (Table 1) . No spermatozoa were found in the electroejaculates of prepubertal animals. Compared to adult Serengeti lions, adult and young adult males from the Ngorongoro Crater produced ejaculates with a similar volume and sperm concen¬ tration but with a lower sperm percentage motility rating and overall higher rate of teratospermia (P < 005). The most prevalent sperm abnormalities involved midpiece and flagellum defects. Ejaculate quality among young adult lions of the Serengeti Plains and Ngorongoro Crater and adult males of the Ngorongoro Crater was similar with only a few exceptions, including an increased incidence of bent midpieces (without droplets) in young adult Plains males and coiled flagella in both groups of Crater males (P < 005).
Within location, combined testes volume was similar (P > 005) between adult and young adult males in the Serengeti Plains and Ngorongoro Crater, respectively (Table 1) . Testes volume tended to be greater in Plains than Crater males, but was only significantly different (P < 005) between young adult Crater males and adult Plains males. Volume of prepubertal testes was only 25-30% of that found in adult and young adult lions.
Serum LH and FSH profiles
Basal concentrations of LH and FSH in saline-treated control animals were stable over time and unaffected (P > 005) by age or location (Table 2, Fig. la ). Pulsatile LH secretion (1-3 pulses/ 4 h) was observed in 2 of 5 adult and 2 of 4 young adult and all of the prepubertal control lions (Fig.  2 ). Pulse amplitudes (above baseline) were 2-0 to 5-5 ng/ml and averaged 3-6 ± 0-7 ng/ml. Pulsatile FSH secretion was not observed. Serum LH concentrations peaked within 15-25 min after GnRH treatment in all animals (Fig. la) . In the Serengeti population, LH peak height was~35% greater (P < 005) in prepubertal compared to the adult and young adult males; peak height in the last two groups was similar (P > 005). LH peak height in adult and young adult lions in the Ngorongoro Crater was similar (P > 005) to that observed in the Serengeti Plains. Pituitary FSH response to GnRH was not influenced (P > 005) by age or location. Overall pre-treatment serum FSH concentrations averaged 29-3 + 0-2 ng/ml. After GnRH treatment, FSH concentrations increased to 49-8 ± 0-4 ng/ml. Serum testosterone profiles Basal concentrations of serum testosterone decreased 20-50% over time in~80% of the adult and young adult males (Fig. lb) . In the Serengeti population, overall mean concentration for the 4-h bleeding period was greater (P < 005) in adult (IT 3 ± 0-25 ng/ml) than in young adult (0-46 + 006 ng/ml) animals, and these concentrations were, in turn, greater (P < 005) than those observed in the prepubertal animals (012 + 002 ng/ml). The overall pattern of testosterone secretion in the Ngorongoro Crater lions was similar (P > 005) to that observed in Serengeti Plains males; mean testosterone concentration was higher in adult (0-96 + 0-36 ng/ml) than in young adult (0-35 ± 0-06 ng/ml) males. Age differences also were observed in GnRH-stimulated testosterone secretion (Fig. lb) . For the Serengeti population, net peak heights and areas under the response curves were greater (P < 005) in adult (1-30 ± 0-14ng/ml, 28-6 + 2-6cm3) than in young adult (0-42 + 004ng/ml, 10-7 ± 1-2 cm3) lions. A similar relationship was observed between the adult (1-44 + 0-47 ng/ml, 25-6 ± 3-7 cm3) and young adult (0-70 ± 0-24 ng/ml, 171 + 4-5 cm3) lions of the Ngorongoro Crater. The lowest testosterone response to GnRH was observed in prepubertal males (016 + 003 ng/ml, 4-4 + 0-8 cm3). Within age class, there were no differences (P > 005) between Serengeti Plains and Ngorongoro Crater males in the testicular response to exogenous GnRH. 
Testicular LH and FSH receptors
For each hormone (LH or FSH), assay conditions required for maximal gonadotrophin binding to testis homogenates were similar for domestic cat and lion tissue. For the LH receptor assay, binding of 125I-labelled hCG to testicular tissue was maximal following incubation for 12 h at 20°C and was stable through 24 h of incubation. The highest specific binding was observed in the presence of 1-20 mM-MgCl2 or 5-20 mM-CaCl2. Receptor binding in cat and lion testis was~50% higher at pH 50 compared to pH 7-4, with no change in receptor affinity. This contrasts with rat data in which binding was similar for pH values between 50 and 80 (data not shown). For the analysis of lion receptors, all binding assays were performed at the more physiological pH of 7-4 as described previously (Ketelslegers et al., 1978; Sundby et al., 1984; . Binding of 125I-labelled hCG to testis tissue was specific and could be displaced >70% by 100 ng unlabelled hCG, NIH-LH-S18 (oLH), NIH-LH-B10 (oLH) but not by oFSH, NIH-GH-1003A (bovine GH), NIH-P-S11 (sheep prolactin) or GnRH. Estimated binding affinity (Kd) was similar (P > 005) between pools of lion (3-6 + 0-3 10"11 µ; = 2) and domestic cat (2-9 + 01 "11 m; = 11) testis homogenate. Maximal binding of 125I-labelled oFSH to domestic cat and lion testicular tissue was observed after 12-14 h of incubation at 20°C in the presence of 5-20mM-MgCl2 or CaCl2 and at a pH of 6-8-7-4. These results were similar to those observed for rat tissue (data not shown). Binding was specific and displaced by oFSH and NIH-FSH-B1 but not by hCG, oLH, bovine GH, sheep pro¬ lactin or GnRH. Receptor Kd was similar (P > 005) between lion (3-2 + 0-4 10"10 µ; = 2) and domestic cat (4-2 ± 0-6 10"10 µ; = 9) tissue.
For both the LH and FSH receptor assays, specific binding increased linearly with increasing concentration of tissue homogenate. Dilutions of lion testis homogenate paralleled the domestic cat testis receptor standard curve. Receptor concentrations obtained by Scatchard and standard curve analyses were in agreement (r = 0-89; < 001).
In the Serengeti animals, testicular LH receptor concentration in the prepubertal males was only~3 0% ofthat observed in young adult males, and the receptor binding in the latter animals was only~3 0% of that measured in adults (Table 3) . A similar age-related difference (P < 005) was observed in the Ngorongoro Crater population, and these values were not different ( > 005) from those measured in the lions of the Serengeti Plains. In contrast to LH receptors, FSH receptor concentrations were~50% lower (P < 005) in adult and young adult compared to prepubertal males (Table 3 ). Concentrations were similar (P > 005) between young adult and adult males and were not affected by location (P > 005). Neither LH nor FSH binding was influenced (P > 005) by the pre-biopsy saline or GnRH treatment.
Discussion
These data agree with our earlier observations that semen characteristics vary between different geographic populations of free-ranging lions in the Serengeti ecosystem . Adult lions of the Ngorongoro Crater consistently produced higher numbers of abnormal spermatozoa than did males of comparable age of the Serengeti Plains. However, an unexpected finding in Serengeti Plains lions was that age also affected semen quality. Young adult males produced only 60% of the number of structurally normal spermatozoa of their adult counterparts which was only about a 10% improvement over the values measured in the genetically-compromised males isolated in the Ngorongoro Crater. Post-pubertal increases in ejaculate volume, sperm concentration and motility (Killian & Amann, 1972) and, in some cases, improvements in sperm morphology (Hanson et al., 1980) have been observed in the bull. In contrast, Chakraborty et al. (1989) reported normal sperm quality in the first pubertal ejaculates of the goat. It is surprising that the literature contains so little information on pubertal changes in semen quality, and the present results suggest that felids might be useful for further study. The impact of increased proportions of sperm abnormali¬ ties in lion ejaculates on sperm function and fertility is not known. However, Howard et al. (1989) recently demonstrated that spermatozoa from teratospermic domestic cats had a compromised ability to bind and penetrate homologous oocytes in vitro compared to normospermic males.
We had speculated that perhaps the poorer semen quality of Ngorongoro Crater lions was related to a compromised ability of the testis to secrete sufficient amounts of testosterone , an important hormone for normal epididymal function and sperm maturation (Mann & Lutwak-Mann, 1981) . Indeed, this hypothesis is supported by evidence of a relationship between low circulating concentrations of testosterone and increased sperm abnormalities in other species (Bader et al., 1988) including felids (Wildt et al., 1984 Howard et ., 1990) . In addition, our previous study suggested that mean circulating testosterone concentrations were lower in Ngorongoro Crater lions. However, these observations were based on a relatively small number of samples, and animals were not partitioned by age. In the present study, there were no apparent differences, within age class, in either basal or GnRH-stimulated testosterone secretion between the lions of the Serengeti Plains and Ngorongoro Crater. Instead, results of this study suggest that age was the major factor determining gonadal steroidogenic capacity. Both basal and GnRHstimulated testosterone secretion were considerably higher in adult than young adult lions for both populations. Maximal testosterone secretion in other species is usually achieved at the time of puberty or shortly thereafter (Ketelslegers et al., 1978; Lunstra et al., 1978; Chantaraprateep & Thibier, 1979; Wilson & Lapwood, 1979; Olster & Foster, 1986 ). In the present study, despite the similarity in GnRH-induced LH release, sexually mature young males were unable to produce the marked rise in testosterone measured in their older, adult counterparts. In lions, therefore, there appears to be a more gradual increase in testicular sensitivity to LH with maximal testosterone secretion not occurring until~1-2 years after puberty. In addition, while increased testosterone secretion was related to improved ejaculate quality in Serengeti Plains lions, this relationship did not exist for Ngorongoro Crater animals. Furthermore, there were no apparent alterations in pituitary-testicular function between the adult Serengeti Plains and Ngorongoro Crater lions that might account for these observed differences. We speculate that, although testosterone may play a role in the development of normal ejaculate quality in Plains lions, other mechanisms may be involved in controlling spermatogenic activity in Crater animals. For example, the reduced genetic variability observed in the Crater population may somehow interfere with normal sperm develop¬ ment, even in the presence of apparently normal concentrations of circulating testosterone. The majority of Serengeti (15 of 16; excluding prepubertal males) and Crater (10 of 12) lions were residents (i.e. breeding males) of well-established prides. Therefore, it appears that males with access to breeding females vary markedly in ejaculate characteristics, especially sperm motility and structural traits, and that these differences are associated closely with age. The impact of this finding on reproductive success will probably not be realized until paternity exclusion analyses, currently in progress, specifically identify which males are producing offspring.
Regarding GnRH-stimulated LH and testosterone secretion, 3 stages of sexual development were identified in the lion: (1) a prepubertal period characterized by increased pituitary sensitivity to GnRH coupled with low testicular sensitivity to endogenously released LH; (2) a transitional post-pubertal period in which pituitary sensitivity was reduced to adult levels, but testicular respon¬ siveness was still diminished; and (3) an adult period of maximal testicular responsiveness associated with a pituitary sensitivity no different from that observed during the early post-pubertal period. In the present study, GnRH-stimulated LH release was more pronounced in prepubertal lions than in adult or young adult animals. Alterations in pituitary sensitivity during sexual maturation have been reported previously, but the pattern of change appears to be species-specific. For example, increased pituitary responsiveness during the prepubertal period, similar to that observed in the lion, has been observed in the rat (Debeljuk et al., 1972) , bull (Chantaraprateep & Thibier, 1979 ) and ram (Wilson & Lapwood, 1979) . In contrast, GnRH-stimulated LH release is minimal during the prepubertal period and then increases significantly at puberty in both the mouse (Jean-Faucher et al., 1985) and man (Gamier et al., 1974; Roth et al., 1972) . Increased pituitary sensitivity in the prepubertal lion may be related to increased pituitary content of LH (Debeljuk et al., 1972; Chan et al., 1981) or concentrations of pituitary GnRH receptors (Chan et al., 1981; Dalkin et al., 1981) as described for the rat. Because testosterone is known to decrease pituitary GnRH receptor concentrations and attenuate pituitary respon¬ siveness to GnRH (Hopkinson et al., 1974) , it is likely that the reduced GnRH-induced LH release observed in adult and young adult lions resulted from a direct negative-feedback action of the increased serum testosterone in these older animals. Compared to LH, the magnitude of the FSH response was not age-dependent and was similar to that described for other felids .
Basal testosterone secretion in adult and young adult lions declined significantly over time, without a corresponding change in LH secretion. A decline in testosterone over time has been observed consistently in the leopard Wildt et al., 1988) , but not in the tiger, puma or cheetah , suggesting that the sensitivity to manipulations associated with handling and/or anaesthesia may be species-specific among felids. In this study, the age-related increases in testosterone secretion were positively associated with increases in the concentrations of testicular LH receptors, rather than to alterations in circulating LH concen¬ trations. Changes in hCG-binding capacity of lion testis homogenates resemble those observed during development in the rat (Ketelslegers et al., 1978) , except that in rats no further enhance¬ ment of LH receptor binding or testosterone secretion are observed after puberty. The increase in receptor binding is probably due to an increase in both Leydig cell size and numbers (Ketelslegers et al., 1978; Vandalem et al., 1986) . The higher concentrations of testicular FSH receptors observed in prepubertal compared to adult lion testis agrees with reports for the rat (Ketelslegers et al., 1978) , bull (Sundby et al., 1984) and boar (Vandalem et al., 1986) in which the increase in testicular FSH receptors precedes the initiation of spermatogenesis (Ketelslegers et al., 1978; Vandalem et al., 1986) . This apparently is the case for the lion, since onset of spermatogenesis in this species nor¬ mally occurs at~2 years of age (Schaller, 1972) .
